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Abstract 
 Anolis carolinensis has been a model organism for ecology and evolutionary biology 
since the seventies, yet there are still understudied aspects of their ecology.  A five-year study 
has provided microsatellite genotypes to be used in building a pedigree and assess relatedness, 
enabling us to evaluate the spatial distribution of an urban population of A. carolinensis. Results 
indicate no correlation between a male’s size and the distance others keep from it; however, 
males belonging in the heavyweight morph are dictating the spatial distribution in this 
population. In addition, juvenile dispersal of male offspring and partial philopatry of female 
offspring are key in this dynamic, where a single heavyweight male will actively defend a small 
area that contains multiple females, some of which are be daughters, and multiple unrelated 
males, most likely sneaker males. 
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Introduction 
Both the spatial distribution of an organism within its habitat and the factors driving that 
distribution are vital components of an animal’s ecology. To date, the majority of work 
examining the influence of demographics on spatial distribution has been conducted on 
charismatic and threatened species. Relatively little attention has been paid to the factors 
influencing the distribution, behavior, and population structure of more cryptic species. The 
spatial distribution of an organism can be affected by its age, sex, size, mating system and 
seasonal environmental effects on food abundance or nesting site quality.  (Seymour, 1991; 
Kesler & Haig, 2007; Clausen & Jesper, 2016). Demographics specifically impact community 
behaviors like home-ranging, territoriality, dispersal, philopatry, and relatedness interactions. 
 Although males of sexually dimorphic species will generally maintain larger home-
ranges than females, home-range size does not necessarily correlate with body size among 
conspecifics (Schoener & Schoener, 1982). In many cases once an individual has established a 
home-range it will defend all or part against other individuals and other species (Subrahmanyam 
& Sambamurty, 2006). These defended areas constitute territories. When home-ranges and 
territories are established communication curtails boundary violations (Orrell, 2003; 
Subrahmanyam & Sambamurty, 2006; Bateman, et al., 2015), and while home-ranges may 
overlap depending on the species in question, territories usually will not (Hojnowski, et al., 
2012). Territorial disputes may entail costs to individuals ranging from simple eviction, to injury 
and even mortality (Smith, 1982; Tokarz, 1985; Lovern M., 2001; Jenssen, 2005). Although in 
most species territorial behavior is sex-specific, usually being exhibited mainly by males 
(Bateman, et al., 2015), territoriality can also be influenced by size. In some species, for 
example, individuals may not possess the physical capability of territoriality until reaching a 
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certain size threshold (Stamps & Krishnan, 1997; Lailvaux S., 2004; Kaneko, et al., 2014). 
Along with territorial conflict, an individual’s response to conflict potential is another 
component of spatial distribution. For instance, individuals avoiding physical confrontation may 
achieve higher fitness through sneak copulations within the realm of a territory holder (Ambrosio 
& Baeza, 2016).  
In some cases, individuals are required to leave their natal areas as  resources become 
insufficient. However, dispersal is a multifactorial behavior motivated not only by resource 
availability, but also by mate location and population ecology (e.g. inbreeding avoidance, and 
resource availability)(Myers & Krebs, 1971; Gilroy & Lockwood, 2012). Costly in the form of 
predation, competition, energy expenditure, and habitat loose, dispersal is mostly male-biased, 
and in most cases females will not venture far from their natal home-range (Alonso & Alonso, 
1992). In some instances, individuals remain in their natal home-range serving in its social 
hierarchy before dispersing at a  later time (Kesler & Haig, 2007). In cases of natal philopatry, 
we expect individuals to show a pattern of spatial genetic structure and isolation by distance 
(IBD) (Broquet, et al., 2006). Philopatry is chiefly influenced by resources and thus can be 
seasonal, as in migratory bird species. Again, age and size may also dictate when and if an 
animal will disperse or remain (Podgorski, et al., 2014; Fatterbert, et al., 2015; Clausen & Jesper, 
2016). Some monogamous species display a high level of philopatry, and thus high relatedness in 
close population clusters (Keane, et al., 2015). One of the most important ecological reasons for 
dispersal is inbreeding avoidance, and a lack of dispersal has been shown to elevate the inbreding 
coeeficient in some species (Zhang, et al., 2002; Huisman, et al., 2016).  
In this way, patterns of relatedness can impact the way individuals establish themselves 
within a territory. Cougars (Puma concolor) share home ranges that overlap to a varying degree 
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between males and females, although none of the individuals involved are related, indicating 
offspring dispersal (Elbroch, et al., 2016). Patterns of relatedness also underlies the phenomenon 
of kin discrimination, which has shown to be important to inbreeding avoidance and indirect 
fitness conferred upon relative males (Waser, et al., 2012). The relatedness structure of a 
populations can thus have important implications for mating ecology, dispersal and territorial 
behavior. Furthermore, the practices of male-biased dispersal and female philopatry in a species 
may result in take-over of the mother’s territory by her daughters (Pitt, et al., 2008). 
Additionally, in some avian species daughters may even establish a new territory within their 
mothers’ (Komdeur & Edelaar, 2001). The majority of territorial inheritance work thus far deals 
with the inheritance of a territory or resources from the mother to the female offspring, most of 
which has been studied in mammals (Ratnayeke, et al., 2002; Marino, et al., 2012; Mosser, et al., 
2015). Few studies have examined male territory  inheritance  (Charnov & Berrigan, 1993), even 
though the fitness benefits of, in the form of the of a higher quality territory, could be substantial.  
Here we describe a multi-year study investigating home-range establishment, 
territoriality, and spatial genetic structure in an urban populations of the green anole lizard, 
Anolis carolinensis. Green anoles exhibit a polygynous, female defense mating system whereby 
females will establish a home-range, and males will begin to defend a territory containing 
multiple females, leading to a high degree of territoriality (Jenssen & Nunez, 1998; Losos, 2009). 
Although the green anole is a model organism for investigating ecology and evolutionary 
biology, little is known regarding the factors that influence the spatial distribution of males and 
females. Home range, dispersal, and mating system have been extensively studied in several 
anole species, but, despite some careful investigations by Jenssen and colleagues (Jenssen, 1995 
&2005; Jenssen & Nunez, 1998), little is known about the relationship between population 
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structure and behavior in green anoles (Tokarz, 1998; Stamps, 2001; Calsbeel, 2007 & 2009). In 
addition to a marked sexual dimorphism, green anole populations in southeastern Louisiana often 
exhibit an intrasexual male dimorphism whereby large “heavyweight” males can be 
distinguished from smaller and younger “lightweight” males by head morphology and bite force.  
Heavyweight males rely more on physical combat involving biting to settle territorial disputes in 
the laboratory, whereas lightweights bite both less forcefully and less often (Lailvaux S., 2004). 
Thus, territory ownership might be expected to skew heavily towards heavyweight males, but 
this prediction, as well as the impact of relatedness on territoriality and territory inheritance 
within populations of male green anoles, has never been explicitly tested. 
There is a wealth of genomic resources available in the literature to facilitate molecular 
ecology studies of green anoles. The green anole was the first reptile to have its genome 
sequenced (Aldolfi, 2011) and over seventy microsatellite markers currently exist, providing a 
set of neutral markers ideal for parentage analysis (Wordley, 2011). Anoles can be easily 
captured and marked and exist at high densities in nature, making it an ideal organism for 
addressing questions regarding relatedness, territoriality, and population structure. 
In the present study, we marked, and genotyped every individual captured over a five-
year period within an urban population of Anolis carolinensis lizards in Washington Park, New 
Orleans. We used these markers both to examine relatedness and to build a pedigree 
encompassing individuals sampled over the entire 5-year period. In addition, we used sample 
locations of capture sites, to construct spatial distribution maps to explore drivers of spatial 
distribution in the green anole. Here we tested three hypotheses looking at the spatial distribution 
of the green anole. First, because of the sexual dimorphism in green anole males will maintain 
larger home ranges than females. Second, due to the territoriality of heavyweight males and the 
5 
 
danger imposed on lightweights by them, lightweight males found neighboring a heavyweight 
will be related to it, and unrelated lightweight males will avoid them. Lastly females will inherit 
the territories of their mothers, and males will not inherit from their fathers. 
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METHODS 
Study site 
We conducted this study on a population of free-ranging green anole lizards in 
Washington Square Park (N29.965005˚, W90.057302˚) in New Orleans, LA. The park is one 
hectare in area and is surrounded by an iron fence, the exterior of which is bordered by concrete 
side walk adjacent to major roads of travel. Green anole habitat is made up of bushes of the 
common cast iron plant (Aspidistra elatior) which fringe the interior of the park fence, stretching 
on average two meters into the park. The interior of the park comprises open lawn and live oak 
trees (Quercus virginiana) established on the edges of the park, where green anoles have been 
observed, but it does not serve as the primary habitats. 
Animal sampling 
We sampled the population in the spring (mid-April to early May) and the fall (mid-
September to early October) of each year from 2010 to 2014. We captured lizards either by 
noose or by hand, and marked, with tape, each specimen’s location and gave it a unique 
identification number. After GPS coordinates of the capture site were recorded, we transported 
each specimen to the lab at UNO where they were permanently marked with a unique 
identification tattoo with a visual implant elastomer (VIE) tag (Northwest Marine Technology, 
Inc., Shaw Island, WA, USA) (Losos, 2009). In the lab we removed a tail tip of no more than 
five centimeters from each individual with sterilized scissors and placed it into a vial of 95% 
ethanol. We sexed the lizards and then weighed them to the nearest 0.01g, with a Type XS107 
Mettler-Toledo scale (Mettler-Toledo, LLC, Columbus, OH, USA). To measure SVL to the 
nearest 0.01 mm we used Rok digital calipers (Rok International Industry Co., Limited, 
Shenzhen, PRC), and finally, individuals were marked with a permanent marker just above the 
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dorsal tail-base to facilitate visual identification on subsequent collection days preventing 
recapture within the same sampling period. The marking is eliminated on the individual’s next 
molting. Finally, we released lizards the morning after collection at the exact point of capture as 
indicated by the tape marker placed at the capture location. All methods were approved by the 
University of New Orleans’s (UNO) IACUC protocol (UNO-11-004).  
Spatial distribution assessment 
 We constructed maps of individual capture locations using QGIS v 2.4.0.0  (QGIS 
Development Team, 2015) and a “Google Maps” overlay as the template for park boundaries, 
coinciding with the location of the perimeter fence. After measuring the length and width of each 
cast-iron bush, we created a polygon shape file for each bush (Figure 1a). We then created a 
vector file containing each individual’s capture locations and labeled it to create spatial maps for 
individuals within each cohort. A separate vector file was created for each sex (Figure 1b). Due 
to the limited accuracy of GPS devices, we were only able to assign the location of an individual 
to a specific bush where captured, but not precisely where in that bush. The capture location of 
each individual for a given bush was taken as the geographic center of the bush where the 
individual was recorded. Each bush was then measured from geographic center to geographic 
center of every other bush in the habitat, creating a matrix of distances. The average geographic 
distance of each individual from all other individuals within its cohort was then calculated using 
the average distance formula. 
Formula 1; average distance  ?´? =
𝜀(𝑑1+𝑑2+𝑑3+⋯)
𝑛−1
 
 Finally, we created additional maps displaying individuals caught more than once and 
mapped them to the bush where they were captured; these maps were used to estimate territorial 
home-range. For each of the individuals that we recaptured, we created a QGIS layer displaying 
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all its capture locations over the entire sampling period. Because individuals have not been seen 
in the middle of the park, most likely due to the lack of habitat, we used only the bushes and 
fence as dispersal routes. Using the “Measure Line” tool in QGIS, we measured the area between 
the farthest points or capture (as in Lance, et al., 2011). 
Figure 1; Study site maps 
 a) General map of Washington Square park, New Orleans, LA, USA, without captured individuals; b) Example of a sampling 
map from the spring of 2016 when the “capture location” layers are added, blue dots indicated the capture location of a male 
and red dots a female. All dots are labeled with the individual’s identification.  
 
Microsatellite genotyping and pedigree construction 
We selected, well-amplifying, green anole microsatellite markers to work with. We 
extracted genomic DNA from tail tips using the QIAGEN DNeasy Blood and Tissue extraction 
kit (QIAGEN Inc., Valencia, CA, USA) using the manufacturer’s protocol. Genotyping was 
conducted using the eight microsatellite loci located across 5 chromosomes, assembled into 2 
multiplex Polymerase Chain Reactions (PCR). Each reaction contained primers for four loci 
(Wordley, 2011), each of which was labeled with a fluorophore tag on the 5’ end (Table S1). We 
carried out multiplex PCRs in a total volume of 10 μl using 5 µL Multiplex PCR Kit (QIAGEN, 
Valencia, CA, USA), 0.01 µM of each forward and reverse primer and 1µl of DNA [4-7ng/µl] 
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using the following conditions: Step 1, an initial denaturation at 95°C for 15 minutes followed by 
35 cycles of step 2. Step 2, 94°C for 30 seconds, primer annealment at 55°C for 90 seconds, and 
an extension at 72°C for 60 seconds followed by a final 60°C extension period for 30 minutes. 
Microsatellite amplification products sizing was done using an ABI 3100 Genetic Analyzer 
(Applied Biosystems, Carlsbad, CA, USA) with the ROX-500 size standard (GeneScan, 
Waltham, MA, USA). Next we visually inspected electropherograms using GENEIOUS 
(Biomatters, San Francisco, CA, USA) and binned the genotypes with FLEXIBIN  (Amos, 
2001). We tested all loci for deviations from Hardy-Weinberg and linkage equilibrium using 
ARLEQUIN and the Holm’s-Bonferroni sequential correction (Rice, 1989) with an alpha value 
of 0.0065  (Excoffier, 2010). Then the presence of null alleles and allelic drop out were assessed 
using MICROCHECKER (Van Oosterhout, et al., 2004).  
 For pedigree construction we used the software program COLONY (Wang, 2013). We 
set mating system parameters for male and female polygamy, in a dioecious, diploid population, 
with the possibility for inbreeding. The run was set for “Long” with a full-likelihood analysis 
method set at medium precision, and no sib-ship priors.  Because we were unable to assess 
parentage through observation, the data set of 848 individuals was broken down into cohorts. For 
each cohort we assumed all individuals to be potential offspring, all males as potential fathers, 
and all females as potential mothers. We then combined cohorts in a sequential, stepwise manner 
in which all the previous seasons’ cohorts were added to the following cohort so that the 
parentage of all the previous cohorts served as the known paternity and maternity priors of the 
next. This procedure was conducted until we constructed an entire pedigree of all cohorts and 
individuals. The probability of a parent being included in the candidate genotypes was set at 50% 
and a genotyping error rate of 1% was used in all constructions.  
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 We used the program SpaGeDi to estimate kinship coefficients between male-male and 
male-female dyads (Hardy & Vekemans, 2002), then to construct spatial correlograms in order to 
investigate patterns of relatedness between individuals at different spatial classes (Figure S1). 
Relatedness analysis began by looking at each of the heavyweights (N=101) in our data set, we 
examined the relatedness of all the other male individuals captured within its home range. Using 
pairwise relatedness values (k) obtained from SpAGeDi, each heavyweight was compared to the 
entire male population of its cohort, and then compared to males captured within its home-range 
only. 
 Simple analyses including student t-test, box plots, and regressions were performed in the 
RStudio Version 0.98.953 (2009, Free Software Foundation Inc., Boston, MA, USA). Auto 
correlograms were built in the Microsoft Excel 2010 (Richmond, WA, USA). 
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RESULTS 
Home-range assessment 
 Examination of recaptured individuals shows the home ranges of females range 
from16.06m2 to 1537.67m2, yielding a mean female home-range size of 410m2. Male home-
ranges varied from 18.15m2 to 846.21m2, with a mean male home-range size of 260m2. There 
was no difference in home-range size between males (n = 42) and females (n = 39) (T=1.028 
P<0.4116, 79 d.f.) (Figure 2). 
Figure 2; Home-range area of green anoles in Washington Square Park. 
 "FMH"=female hone-range, "MHR"=male home-range 
  
Impact of male size on spatial distribution  
 The geographic average distance between lightweight males (n = 285), was 69.74m ± 
8.069, was less than between heavyweights (n= 104), which was 70.60m ± 6.710,but was not 
significant (T=1.055, P=0.2926, 215 d.f.). Regression analysis of average distance measures and 
size (SVL) for all males was not significant (N=389, R2=0.0127, m=0.083). This relationship 
was also not significant for heavy (N=105, R2=0.0033, m=0.138), or light weight (N=285, 
R2=0.0142, m=0.109) males (Figure 3). Despite evidence of no correlation between size and 
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average distance, examination of QGIS spatial maps reveal a distribution pattern with 
heavyweight males. When the density of heavyweights is low, as it was in the Spring of 2010 
(N=3), the heavyweights were captured at the maximum distance from one another (Figure 4a). 
When the densities of heavyweights were high (e.g. Spring 2012), usually only one heavyweight 
was found per bush (Figure 4b). In seasons of high heavyweight density, on some occasions we 
captured 2 or more heavyweights in the same bush. Since our sampling represents snapshots of 
animal locations at any given sampling time, this may indicate incursions as evidenced by a 
neighboring bush being vacant of a heavyweight (Figure 4c). 
Figure 3; Size regressions.  
a.) Includes all males b.) Lightweights only c.) Heavyweights only 
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Figure 4; Examples of heavyweight spatial distributions  
Individuals is indicated by a red dot, every capture season can be seen in supplemental materials 
 
Impact of relatedness on spatial distribution 
 Genotyping produced unique microsatellite genotypes for 846 individuals. Two 
individuals within the original data set of 848 were sampled twice as different individuals and 
the dataset was corrected accordingly. After Holm’s-Bonferroni sequential correction we saw 
instances of linkage disequilibrium but with no consistent pattern between loci (Table S1). The 
number of alleles per locus ranged from 13 to 33 with a mean of 19.14. The average observed 
heterozygosity was 0.6381 ± 0.2455, and the expected 0.7286 ± 0.2326. ACAR 19 was the only 
locus to not show deviation from Hardy-Weinberg equilibrium, and there were no null alleles 
detected in the data set.  
 Relatedness examination reveals that a heavyweight is, on average, less related to its 
neighbors (k = -0.0144 +/- 0.0561) than it is to the rest of the male population (k = 0.0015 +/- 
0.0183 SD), (T=1.6525, P=<0.001, 200 d.f.). When other heavyweight males are excluded from 
neighbor analysis, there was no difference between the pairwise relatedness of a heavyweight’s 
neighbor and the rest of the male population (T=1.9955, P=0.4984, 68 d.f.).  
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Territory inheritance and isolation by distance  
 Spatial autocorrelograms revealed an inconsistent pattern of spatial genetic structure in 
the population. For females, there was a significant pattern of isolation by distance the Spring 
and Fall of 2010, Spring of 2011, Spring of 2013 and the Spring and Fall of 2014 cohorts, the 
female population. There was no IBD in the Spring and Fall of 2012 and Fall of 2013; the Fall of 
2011 cohort yielded no discernable patter. Spatial genetic structure of males also yielded an 
inconsistent pattern for IBD (Table 2). We also observed that the inbreeding coefficient (F) of 
the population gradually increased with time and sampling. After the collection of ten cohorts 
inbreeding stabilized at 0.3379 ± 0.0258 (Figure 5). 
Table 1; Autocorrelogram results. 
 "-" is an indication of PID within that cohort, "+" indicates no PID and "?" is insignificant. The Autocorrelogram can be viewed 
in supplemental material 
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Figure 5; The pattern of inbreeding  
 S=a spring collection period, F=a fall collection period, and the year follows each seasonal indicator 
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 We had sufficient parentage and geographic information in our dataset to evaluate 16 
males and 10 females for offspring territory inheritance. Results indicate that 35% of female 
offspring and 36% of its male offspring were found within their mother’s home-range (x2=0.707) 
(Table S2). By contrast, 50% of female offspring and none of the male offspring were found 
within their father’s home-range (x2=<0.01) (Table S3). 
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DISCUSSION 
 The causal factors underlying population spatial structure are potentially complex and 
poorly understood for most small, cryptic animal species. Here we used a combination of 
morphological, locality, and relatedness measures to test three hypotheses regarding factors 
influencing the spatial distribution of A. carolinensis in a natural urban population. Our first 
hypothesis, (i.e. that males maintain larger home ranges than females) was not supported, as 
males maintain home-ranges no larger than those of females, in this population. This is contrary 
to what is seen in most animals where males tend to exhibit larger home-ranges than females 
(Cederlund & Sand, 1994). Males will traverse larger areas looking for potential territorial take 
over and female acquisition, as females reside in a small area that will support them and their 
offspring  (Said, et al., 2009). The anomaly in this population can be explained by a polygynous 
female defense strategy where females maintain a variable home-range, while males will stay in 
an area they can defend, not venturing far from its territory (Forsyth & Alcock, 1990). Leaving a 
territory, in this case a bush, may open the opportunity for sneak copulations, incursions from 
competitors, and possibly a loss of territory. 
Our second hypotheses stated that due to heavyweight males’ aggressive defense of their 
territories, lightweights close to them will be more related to them, whereas, unrelated 
lightweights will avoid them. We speculated that heavyweights will be more tolerant of a 
neighbor as a result of being more related to it, because indirect fitness can be achieved as a 
result of opportunistic breeding of a neighbor that one is related to (Ridley et al., 1987 & 1993). 
Our study however did not support this idea; heavyweights were no more related to neighboring 
lightweights than the rest of the population, and neighboring heavyweights in fact appear to be 
less related to the each other than the rest of the population. The hypothesis is also based on the 
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idea that the green anole is a highly territorial animal and aggressive bouts can be regularly 
observed between males. It would stand to reason that a lightweight male will position itself as 
far from a heavyweight as possible in order to avoid an encounter which could well result in an 
injury. Therefore, because smaller individuals are avoiding larger ones, the average distance 
between individuals should increase with size. We did not find evidence to support this, and the 
generally low R2 values in all our regressions between size and average distance between 
individuals suggest that male green anoles do not base their proximity to other males on those 
males’ status as a heavyweight. However, the driver of the spatial distribution in this population 
is male size, as it is clearly demonstrated in the habitat mapping. The low temperature winter 
months in southern Louisiana cause all individuals to seek shelter (often in the leaf litter beneath 
their cast-iron habitat), thereby relinquishing their territories. In the spring as territories become 
re-established, a single heavyweight appears to actively defend a single bush. That bush will be 
inhabited by unrelated lightweight males and multiple females, including daughters. The same 
bush seems to only be inhabited by two heavyweights when there is an incursion event from a 
neighboring heavyweight.  
Our final hypothesis was that females will inherit the territories of their mothers, whereas 
males will not inherit territories from their fathers. Again the data did not support the hypothesis; 
only 35% of a mother’s daughters were found in her home-range, meaning that 2/3 of them 
dispersed or died.  Additionally, this analysis produced two key results regarding father/offspring 
relations. On no occasion was a male offspring found in the territory of its father, yet 50% of a 
father’s daughters were found within. Chi-square results indicate that the pattern seen in 
father/offspring interactions were not random, while mother/offspring interactions may have 
been. Male green anoles will mate, forcibly if necessary, with all the females it can. With the 
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discovery of an elevated inbreeding coefficient we can infer that there is the potential for first 
generation inbreeding between the fathers and daughters.  Female offspring that remain in a natal 
bush may possibly be the offspring to the bush’s occupying heavyweight. Therefore, some 
reproductive females are mating with their fathers. Whereas male offspring, if they have not 
developed adequate evasion skills, may be subject to infanticide, as is the case in other animal 
species (Charnov & Berrigan, 1993; Kopp, et al., 2015). 
Here we have shown that spatial observations and demography can provide evidence and 
support for population activities that could only be inferred by constant, continuous observations, 
over many years.  In this study, we have established the primary driver of spatial distribution in 
green anole to be size. Heavyweights establish a territory and all others fit within the social 
framework of that territory. Without the use of morphological, locality, and relatedness measures 
obtained from this population we would have had to invest an enormous amount to observation 
time to establish this same result. This experimental design can be used in other species, with 
similar questions adding increasing knowledge to the ecology of animals still understudied. 
 
 
 
 
 
 
 
 
 
 
20 
 
REFERENCES 
Aldolfi, A. D. P. F. G. M., 2011. The genome of the green anole lizard and a comparative analysis with 
birds and mammals. Nature, pp. Vol. 477, pp. 587-591. 
Alonso, J. C. & Alonso, J. A., 1992. Male-biased Dispersal in the Great Bustard Otis tarda. Ornis 
Scandinavica, Volume 23, pp. 81-88. 
Ambrosio, L. J. & Baeza, A. J., 2016. Territoriality and Conflict Avoidance Explains Asociality (Solitariness) 
of the Endosymbiotic Pea Crab Tunicotheres moseri. PLoS ONE, Volume February. 
Amos, W. H. J. F. A. Z. L. B. S. H. A., 2001. Automated binning of microsatellite alleles: problems and 
solutions. Molecular Ecology Notes, pp. Vol. 7, Iss. 7, pp. 10-14 . 
Bateman, A. W. et al., 2015. Territoriality and Home-range Dynamics in Meerkats, Suricata suricatta: a 
Mechanistic Modelling Approach. Journal of Animal Ecology, Volume 84, pp. 260-270. 
Broquet, T. et al., 2006. Genetic isolation by distance and landscape connectivity in the American marten 
(Martes americana). Landscape Ecology, Volume 21. pp. 877–889. 
Calsbeek, R., 2009. Sex-specific adult dispersal and its selective consequences in the brown anole, Anolis 
sagrei. Journal of Animal Ecology, Volume 78, pp. 617-624. 
Calsbeel, R. et al., 2007. Multiple Paternity ans Sperm Storage Lead to Increased Genetic Diversity on 
Anolis Lizards. Evolutionary Ecology Research, Volume 9, pp. 495-503. 
Cederlund, G. & Sand, H., 1994. Home-Range Size in Relation to Age and Sex in Moose. Journal of 
Mammalogy, 75(4), pp. 1005-1012. 
Charnov, E. L. & Berrigan, D., 1993. Why Do Female Primates Have Such Long Lifespans and So Few 
Babies? or Life in the Slow Lane. Evolutionart Anthropology, 1(6), pp. 191-194. 
Clausen, K. K. & Jesper, M., 2016. Philopatry in a changing world: response of pink-footed geese Anser 
brachyrhynchus to the loss of a key autumn staging area due to restoration of Filso Lake, Denmark. 
Journal of Ornithology, 157(1), pp. 229-237. 
Dickinson, J. L., 2001. A test of the importance of direct and. Behavioral Ecology , 15(2), pp. 233-238. 
Elbroch, M. L., Lendrum, P. E. & Quigley, H., 2016. Spatial Overlap in a Solitary Carnivore: Support for the 
Land Tenure, Kinship of Resource Dispersion Hypotheses. Journal of Animal Ecology, 85(2), pp. 487-496. 
Excoffier, L. E. L. H., 2010. Arlequin suite ver 3.5: a new series of programs to perform population 
genetics analyses under Linux and Windows. Molecular Ecology Resources, pp. Vol. 10, Iss. 3, pp. 564-
567. 
Fatterbert, J. et al., 2015. Desity-dependent Nata Dispersal Patterns in a Leopard Population Recovering 
from Over-Harvest. Plos One, pp. 1-15. 
Fisher, R. A., 1954. Evolution and Bird Sociology. In: Evolution as a Process. London: Allen & Unwin, pp. 
71-83. 
21 
 
Forsyth, A. & Alcock, J., 1990. Female Mimicry and Resource Defense Polygyny by Males of a Tropical 
Rove Beetle, Leistotrophus versicolor (Coleoptera: Staphylinidae). Behavioral Ecology and Sociobiology, 
26(5), pp. 325-330. 
Gilroy, J. J. & Lockwood, J. L., 2012. Mate-Finding as an Overlooked Critical Determinant of Dispersal 
Variation in Sexually-Reproducing Animals. PlosOne, 7(5), pp. 1-8. 
Hardy, O. J. & Vekemans, X., 2002, Issue 2. SpaGeDi: A Versatile Computer Program to Analyse Spatial 
Genetic Structure at the Individual or Population Levels. Molecular Ecology Notes, pp. 618-620. 
Hiller, T. L., Belant, J. L. & Beringer, J., 2015. Sexual Size Dimorphism Mediates Effects of Spatial 
Resouces Variation on American Blake Bear Space Use. Journal of Zoology, Volume 296, pp. 200-207. 
Hojnowski, C. E. et al., 2012. Why Do Amure Tigers Maintain Exclusive Home Ranges? Relating Ungulate 
Seasonal Movements to Tiger Spatial Organization in the Russian Far East. Journal of Zoology, Volume 
287, pp. 276-282. 
Huisman, J. et al., 2016. Inbreeding Depression Across the Lifespan in a Wild Mammal Population. PNAS, 
Volume February, pp. 1-6. 
Jenssen, T. A. & Nunez, S. C., 1998. Spatial and Breeding Relationships of the Lizard, Anolis carolinensis: 
Evidence of intrasexual selection. Behaviour, 135(7), pp. 981-1003. 
Jenssen, T. D. K. C. J., 2005. Assessment in the contests of male lizards (Anolis carolinensis): how should 
smaller males respond when size matters. Animal Behavior, pp. Vol. 69, pp. 1325-1336. 
Jenssen, T. G. N. H. K., 1995. Behavioral profile of free-ranging male lizards, Anolis carolinensis, across 
breeding and post-breeding seasons. Herprtological Monographs, pp. Vol. 9, pp. 41-62. 
Kaneko, Y. et al., 2014. The Socio-spatial Dynamics of the Japanese Badger (Meles anakuma). Journal of 
Mammalogy, 95(2), pp. 290-300. 
Keane, B., Ross, S., Crist, T. O. & Solomon, N. G., 2015. Fine-scale Spatial Patterns of Genetic Relatedness 
Among Resident Adult Prairie Voles. Journal of Mammalogy, 96(6), pp. 1194-1202. 
Kesler, D. C. & Haig, S. M., 2007. Territoriality, Prospecting, and Dispersal in Cooperativley Breeding 
Micronesian Kingfishers (Todiramphus cinnamominus reichenbachii). The American Ornithologists' 
Union, 124(2), pp. 381-395. 
Komdeur, J. & Edelaar, P., 2001. Male Seychelles warblers use territory budding to maximize lifetime 
fitness in a saturated environment. Behavioral Ecology, 12(6), pp. 706-715. 
Kopp, G. H. et al., 2015. Population Genetic Insights into the Social Organization of Guinea Baboons 
(Papio papio): Evidence for Female-Biased Dispersal. American Journal of Primatology. 
Lailvaux S., H. A. V. B. M. J. I. D., 2004. Lailvaux S., Herrel, Performance capacity, fighting tactics and the 
evolution of life-stage male morphs in the green anole lizard (Anolis carolinensis). Lailvaux S., Herrel, A., 
VanHooydonck, B., Meyers, J., Irschick, D. Performance capacity, fighting tactics and the evolProceedings 
of The Royal Society, p. Vol. 271. 
22 
 
Lance, V. A., Elsey, R. M., Trosclair III, P. L. & Nunez, L. A., 2011. Long-distant Movement by American 
Alligators in Southwestern Louisiana. Southeastern Naturalist, 10(3), p. 389398. 
Loiselle, B. A., Sork, V. L., Nason, J. & Graham, C., 1995. Spatial Genetic Structure of a Tropical 
Understory Shrub, Psychotria officinalis (Rubiaceae). American Journal of Botany, 82(11), pp. 1420-1425. 
Losos, J., 2009. Lizards In An Evolutionary Tree; Ecology and Adaptive Radiation of Anoles. Los Angeles, 
CA. USA: University of California Press. 
Lovern M., J. T., 2001. The Effects of Context, Sex, and Body Size on Staged Social Interactions in Juvenile 
Male and Female Green Anoles (Anolis carolinensis). Lovern M., Jenssen, T. The Effects of Context, Sex, 
and Body Size on Staged Social InteractiBehaviour, pp. Vol. 138, pp. 1117-1135. 
Marino, J., Sillero-Zubiri, C., Johnson, P. J. & MacDonald, D. W., 2012. Ecological Basis of Philoparty and 
Cooperation in Ethiopian Wolves. Behavioral Ecology & Sociobiology, Volume 66, pp. 1005-1015. 
Mosser, A. A., Kosmala, M. & Craig , P., 2015. Landscape Heterogeneity and Behavioral Traits Drive the 
Evolution of Lion Group Territoriality. Behavioral Ecology, 26(4), pp. 1051-1059. 
Myers, J. H. & Krebs, C. J., 1971. Ecological Monographs. Genetic, Behavioral, and Reproductive 
Attributes of Dispersing Field Voles Microtus pennsylvanicus and Microtus ochrogaster, 41(1), pp. 53-78. 
Orrell, J. J. T., 2003. Heterosexual signaling by the lizard A. carolinensis, with intersexual comparisons 
across context. Behaviour, pp. Vol. 140, Iss. 5, pp.603-634. 
Pitt, J. A., Lariviere, S. & Messier, F., 2008. Social Organization and Group Formation of Raccoons at the 
Edge of Their Distribution. Journal of Mammalogy, 89(3), pp. 646-653. 
Podgorski, T., Scandura, M. & Jedrzejewska, B., 2014. Next of Kin Next Door - Philopatry and Socio-
genetic Population Structure in Wild Boar. Journal of Zoology, Volume 294, pp. 190-197. 
QGIS Development Team, 2015. QGIS Geographic Information System. Open Source Geospatial 
Foundation Project. [Online]  
Available at: http://www.qgis.org/ 
Ratnayeke, S., Tuskan, G. A. & Pelton, M. R., 2002. Genetic Relatedness and Female Spatial Organization 
in a Solitary Carnivore, the Raccoon, Procyon lotor. Molecular Ecology, Volume 11, pp. 1115-1124. 
Rice, W. R., 1989. Analyzing Tables of Statistical Tests. Evolution, pp. 223-225. 
Ridley, M., 1993. The Red Queen. London: HarperCollins. 
Ridley, M. W. & Hill, D. A., 1987. Social organization in the pheasant (Phasianus colchicus): Harem 
formation, mate selection and the role of mate guarding. Journal of Zoology, 211(4), pp. 619-630. 
Said, S. et al., 2009. What Shapes Intra-specific Variation in Home-range Size? A Case Study of Female 
Roe Deer. Oikos, Volume 118, pp. 1299-1306. 
Sanches, V. Q. A. et al., 2012. Home-range and Space Use by Didelphis albiventris in Mutum Island, 
Parana River, Brazil. Biota Neotropica, 12(4). 
23 
 
Schoener, T. W. & Schoener, A., 1982. INTRASPECIFIC VARIATION IN HOME-RANGE SIZE IN SOME ANOLIS 
LIZARDS. Ecology, 63(3), p. 809823. 
Seymour, N. R., 1991. Philopatry in Male and Female American Black Ducks. The Condor, Volume 93, pp. 
189-191. 
Smith, J. M., 1964. Group Selection and Kin Selecton. Nature, Volume 147, pp. 1145-1147. 
Smith, J. M., 1982. Evolution and the Theory of Games. 1st ed. New York, NY, USA: Cambridge University 
Press. 
Stamps, J., 2001. Habitat Selection by Dispersers: Integrating Proximate and Ultimate Approaches. In: 
Dispersal (Colbert, Danchin, Dhondt and Nichols). New York, NY, USA: Oxford University Press, pp. 230-
242. 
Stamps, J. A. & Krishnan, V. V., 1997. Functions of Fights in Territory Establishment. The American 
Naturalist, 150(3), pp. 393-405. 
Subrahmanyam, N. & Sambamurty, A., 2006. Ecology. Second ed. Oxford, U.K.: Alpha Science 
International Ltd.. 
Tinbergen, N., 1963. On Aims and Methods of Ethology. Ethology, Volume 20, pp. 410-433. 
Tokarz, R. R., 1985. Body Size as a Factor Determining Dominance inStaged Agonistic Encounters 
Between Male Brown Anoles (Anolis segrei). Animal Behaviour, Volume 33, pp. 746-753. 
Tokarz, R. R., 1998. Mating Pattern in the Lizard Anolis sagrei: Implications for Mate Choice and Sperm 
Competition. Herpetologica, 54(3), pp. 388-394. 
Van Oosterhout, C., Hutchinson, W., Wills, D. P. & Shipley, P., 2004. MICRO‐CHECKER: software for 
identifying and correcting genotyping errors in microsatellite data. Molecular Ecology Notes, pp. vol. 4, 
iss 3. pp 535-538. 
Wang, J., 2013. A simulation module in the computer program COLONY for sibship and parentage 
analysis.. Molecular Ecology Resources, 13(4), pp. 734-739. 
Waser, P. M., Berning, M. L. & Pfeifer, A., 2012. Mechanisms of Kin Discrimination Inferred from 
Pedigree and the Spatial Distribution of Mates. Molecular Ecology, Volume 21, pp. 554-561. 
Wilson, E., 1975. Sociobiology: The New Synthesis. Cambridge, MA, USA: Harvard University Press. 
Wolf, J. B. & Trillmich, F., 2007. Beyond Habitat Requirements: Individual Fine-scale Site Fidelity in a 
Colony of the Galapagos Sea Lion (Zalophus wollebaeki) Creates Conditions for Social Structuring. 
Behavioral Ecology, Volume 152, pp. 553-567. 
Wordley, C. S. J. S. J., 2011. Mining online genetic resources in Anolis carolinensis facilitates rapid and 
inexpensive development of cross-species microsatellite markers for the Anolis lizard genus. Wordley C., 
Slate, J., Stapley, J. Mining online genetic resources in Anolis carolinensis facilitates rapid and inexpensive 
devMolecular Ecology Resources, pp. Vol. 11, pp. 126-133. 
24 
 
Zhang, Y.-p.et al., 2002. Genetic Diversity and Conservation of Endangered Animal Species. Pure and 
Applied Chemistry, 74(4), pp. 575-584. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
25 
 
APPENDIX 
Table S1; Multiplex PCR primer information 
"Exp"=Expected, "Obs"=observed, "(bp)"=base pair 
 
Table S2; Summery of linkage disequilibrium 
Season Linkage 
Spring 2010 Acar1 ↔ Acar30 
Fall 2010 Acar9 ↔ Acar36 
Spring 2011 
Acar2 ↔ Acar10 
Acar2 ↔ Acar19 
Acar10 ↔ Acar19 
Acar2 ↔ Acar36 
Fall 2012 Acar2 ↔ Acar10 
Fall 2014 
Acar1 ↔ Acar10 
Acar10 ↔ Acar19 
Acar10 ↔ Acar36 
 
 
 
 
 
 
 
 
 Primer Exp. Range 
(bp) 
Obs. 
Range 
(bp) 
Forward Primer 
(fluorophore label) 
Reverse Primer Repeat 
Motif 
M
u
lt
iP
le
x
 1
 
ACAR1 110-122** 100-110 
CCAAAAACCAAAAAG
GCTGA**(Blue) 
TGGACACACATACA
CCCACA** 
(AC)38 
ACAR8 129-177** 150-180 
CCCAATAGAGGAAAG
GGACC** (Green) 
AGAATCACGCCTTC
TGCTTT** 
(AAAG)76 
ACAR19 210-234** 220-260 
GAAAAGTAGTGGGGC
ATTGG**(Yellow) 
AGTTTCCCAAGAAA
ACCCGT** 
(AG)42 
ACAR30 236-283** 220-280 
CATCTCTTCAGGCTTT
TGCC**(Blue) 
CTGTCTCTTCCTCC
ACCTGC** 
(AAAG)48 
M
u
lt
ip
le
x
  
2
 
ACAR2 99-125** 100-110 
GAATGAAGCTAAGGG
GCACA**(Blue) 
AGCAGATGGAAGG
AAAGCAA** 
(AC)28 
ACAR9 148-196** 180-200 
AAAGGCAATGGCAGA
GAAAA**(Green) 
TAATGGGAAAGGA
GGCAGTG** 
(AAGG)52 
ACAR10 180-198** 160-180 
GGATGTGTGTGTTTGT
GTTGG**(Yellow) 
GGCTGTTGAGGGAT
TCTTGA** 
(ACAT)28 
ACAR36 230-253** 230-310 
TTGCTGCTGCTGATGT
CATT**(Blue) 
TCCCATTAAAAATC
ATGCTGC** 
(AAAG)80 
26 
 
 
Table S3; Offspring captured within the home-range of a mother 
 W/I=caught within the mother's home-range 
Mother Offspring  Sons 
W/I 
Daughters 
W/I 
% 
Sons 
W/I 
% 
Daughters 
W/I 
 TOTAL 
% 
Offspring 
W/I 
2 17 31 247 280 224    0/1 1/3 0.00 33  25 
13 196 840 10 207 79 89 18  1/4 0/2 25 0.00  17 
70 241        1/1  100   100 
88 39 69       1/1 0/1 100 0.00  50 
107 73 303 802 164     0/1 0/3 0.00 0.00  0.00 
162 62 282 30 147     0/1 1/2 0.00 50  50 
251 235 291 22      1/1 1/1 100 100  100 
383 548 711        0/2  0.00  0.00 
427 432        0/1  0.00   0.00 
708 491 498 728      0/1 1/1 0.00 100  50 
         N=10 Totals 36.11 35.38  39 
 
 
Table S4; Offspring captured within the home-range of a father 
 W/I=caught within the father's home-range 
Father Offspring  Sons 
W/I 
Daughters 
W/I 
% Sons 
W/I 
% 
Daughters 
W/I 
 TOTAL % 
Offspring W/I 
15 51 196 297 840   0/2 2/2 0.00 100  50 
20 257 266      0/2  0.00  0.00 
37 29 41 191    0/1 1/2 0.00 50  33 
44 119 232 263 277 288   3/3  100  100 
53 10 44 171 265 286  0/2 1/2 0.00 50  25 
71 207 262     0/2  0.00   0.00 
87 83 159 195 301   0/2 2/2 0.00 100  50 
153 162 846      1/2  50  50 
197 220      0/1  0.00   0.00 
218 129 184     0/1 0/1 0.00 0.00  0.00 
385 556      0/1  0.00   0.00 
431 602 681     0/1 0/1 0.00 0.00  0.00 
537 484 493     0/2     0.00 
695 390 737     0/1 1/1 0.00 100  50 
720 544      0/1  0.00   0.00 
731 690 736     0/1 0/1 0.00 0.00  0.00 
       N=16 Totals 0.00 50  22 
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Figure S1; Autocorrelograms from Spring 2010-Fall 2014 
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